Introduction
Chicken egg and its derivatives (whole egg (WE), egg yolk (EY) and egg white (EW)) have well-known properties (POWRIE; NAKAIM, 1986; AMERICAN..., 2012) . It is a complete food source with components essential to human nutrition, like high quality proteins, ω-3 fatty acids, vitamins, carotenoids and minerals (MANN et al., 2008; MINE, 1995; UNITED..., 2012; SCHLICH, 2010 SCHLICH, , 2011 KOVACS-NOLAN; PHILLIPS; MINE, 2005; AMERICAN..., 2012; SIMOPOULOS, 2011; KING, 2009) . Its cholesterol content, about 213 mg per egg (SILVA et al., 2008) , is a point of discussion among researchers, but recent papers do not attribute elevations in cholesterol levels in its consumers as due solely to ingestion of products made with eggs (SPENCE; JENKINS; DAVINGNON, 2010) . Industrially, dehydrated eggs have many advantages over fresh ones, like inhibition of pathogenic microorganism development, elimination of refrigeration needed in the storage of egg products, easier handling and, most important, a significant extension in their shelf life, increasing from a few weeks to twelve months (POWRIE; NAKAIM, 1986; JONES, 2007) . The usual method to dehydrate eggs is spray-drying (SD), because it combines low cost and high production. However, this treatment is based on passing a water steam through the sample at high temperature (between 145-195 °C) to carry away the water content (KOÇ et al., 2011a,b) . This range of temperatures can interfere with the organoleptic attributes of egg samples and induce physicochemical changes such as formation of foam, emulsification and gelification (AYADI et al., 2008; CABONI et al., 2005; ROSSI et al., 2010) . In addition to these factors, heat treatment deteriorates proteins, carotenoids (VAN DER PLANCKEN; VAN LOEY; HENDRICKX, 2006) , polyunsaturated fatty acids (GALOBART et al., 2001; VERARDO et al., 2010) and other important compounds present in eggs (GUILMINEAU; KULOZIK, 2007; COIMBRA et al., 2006; JAEKEL; DAUTEL; TERNES, 2008) . To avoid these losses and guarantee a nutritional value and organoleptic quality comparable to fresh egg products, freeze-drying (FD) is a good alternative drying treatment (PIGNOLI et al., 2009) . The FD method consists of freezing the sample at low temperature (about -50 °C) and applying a vacuum (about 40 µmHg). The water content in egg samples passes from the solid to the vapor phase while leaving the other components unchanged (DALGLEISH, 1990) . Thus, this process allows the production of dried eggs that are nutritive and attractive to consumers. Hence, the aim of this work was to verify differences between Brazilian desserts with FD, SD and fresh egg products using physicochemical and sensory analysis. The obtained data from the sensory analyses were studied further through the employment of principal component analysis (PCA) to identify possible similarities between the sensory attributes of different samples (MATOS et al., 2003) . metallic forms (70 × 30 mm) greased with butter and refined sugar. The forms were then placed in a larger aluminum form (38 × 27 cm) with water and double-boiled in a household oven at approximately 180 °C for 40 minutes. The obtained Q samples were placed in paper forms, labeled and kept in a refrigerator at 2-8 °C until the sensory analysis (held on the same day). Every Q sample was divided into eight smaller pieces with approximately the same size.
Meringue (M)
The confection of three samples of M using the three kinds of EW followed the recipe of NaturOvos (2012) . The mass made with FD or SD powder was gently mixed with filtered potable water and heated to the boiling point. Afterwards, it was placed in a blend mixer and refined sugar was added in small quantities until the 'snow point' . The forms (38 × 27 cm) were greased with butter and sugar. The mass was divided in small portions of approximately the same size, and kept at room temperature until the sensory analysis.
Proximate composition analyses
The moisture, ash and protein contents were determined according to Cunnif (ASSOCIATION..., 2010) . Analytical grade reagents were used and chemical analyses were performed in triplicate. To calculate the protein content, the obtained values were multiplied by a specific factor (6.25).
Color analysis
The powdered samples (WE, EY and EW) of freeze-and spray-dried eggs had their color analyzed. About 10 g of each sample were placed in 3 Petri dished (100 × 12 mm). The Hunter Lab colorimeter (MiniScan EZ) was used to determine egg color. Readings were taken in triplicate.
Sensory analyses
All the developed formulations (condensed milk pudding (P), quindim (Q) and meringue (M)) had their sensory characteristics evaluated by color, smell, flavor, texture, and overall acceptability (DUTCOSKY, 2007; MEILGAARD; CIVILLE; CARR, 1999; SEDOSKI et al., 2012; KHOURYIEH; ARAMOUNI, 2012) . A minimum of 50 untrained panelists were informed about the aim of the study and asked about their gender, age and occupation. The sensory analysis was distributed between three different days, with one type of sample (with WE, EY or EW) evaluated each day. Each panelist evaluated three samples in three different containers coded with a random three digit number, and rated each on a nine-point hedonic scale (9 = like extremely; 5 = neither like nor dislike; 1 = dislike extremely). All samples were divided into small portions with approximately the same dimensions. The sensory analysis project was approved by the Universidade Estadual de Maringá Research Ethics Committee, process number 98798, in accordance with 196/96 resolution of Brazilian health council (BRASIL, 1996) . produce WE, while the other half were separated into EW and EY. The samples were homogenized in a blender for 30 seconds and placed in sterilized bottles. The samples of WE and EY were pasteurized for 3.5 minutes at 60 °C, and the EW at 56.7 °C for 2 minutes in a water bath. After that, the samples were subjected to thermal shock at 0 °C, placed in sterilized metal receivers, frozen at -40 °C for at least 24 hours and freeze-dried at about −52 °C and 40 µmHg (LIOBRAS, LIOTOP 101, São Carlos city, São Paulo State, Brazil). The dried samples were triturated, packed in plastic bags and stored at room temperature.
The studied SD egg products (WE, EY and EW) were kindly provided by NaturOvos, Salvador do Sul city, Rio Grande do Sul State, Southern Brazil.
Confection formulations and preparation
The chosen desserts were: condensed milk pudding (P), quindim (Q) and meringue (M), each with only one type of egg product powder. The employed formulations are described in Table 1 .
Condensed milk pudding (P)
The P samples made with FD and SD whole egg were prepared by mixing WE powder with water and slowly stirring in a plastic container (NATUROVOS, 2012) , while P samples made with fresh (F) whole eggs followed the same formulation without addition of water. The mixture was placed in a blender at speed 1 until a homogeneous mass was obtained, transferred to a metal container greased with caramel and double-boiled in a household oven at approximately 200 °C for 1 hour. After this time, P samples were cooled to room temperature, placed in a plastic form, labeled and kept in a refrigerator at 2-8 °C until the sensory analysis, which was held on the same day. Every P sample was divided into fifty small pieces of approximately the same size so as not to influence the sensory evaluations.
Quindim (Q)
The three Q mixtures followed the same steps as P's confection, but in this case EY powder was used (NATUROVOS, 2012) . They were divided in twelve portions and placed in attributes in relation to SD samples. The color analysis results are shown in Table 3 .
In all cases, the SD samples had more lightness (L*) than the FD samples. This corroborates the fact that the FD samples had more intense color than the others. The a* and b* grades for FD samples were higher than obtained for SD samples, which confirms the superior intensity of the color attribute.
These results denote the retention of egg nutrients after the freeze-drying process in the samples and/or a slower loss of those nutrients in comparison with the SD drying method. Egg color correlates mainly with the content of oxycarotenoids; their concentrations are linked to intensity of color, hence their quantities are higher in FD samples (KARUNAJEEWA et al., 1984) .
Although the responses for the color attribute showed no significant differences (P<0.05), the color values for FD egg samples were 10% higher than those obtained for SD samples.
Sensory analyses
The sensory analysis was divided into three distinct days, with one day for each kind of confection (P, Q and M). The untrained panelists (n=50, age>18 years) were recruited from students, professors and technicians at the Universidade Tecnológica Federal do Paraná, Campo Mourão, Paraná State, Brazil. They were instructed about the study and possible risks, as well as requested to look at and smell the confection sample before tasting and assigning a score to it. The objective of the sensory analysis was to evaluate if panelists liked or disliked the desserts prepared with FD egg products in comparison with SD and fresh egg products. The results are presented in Table 4 . This paragraph will focus on the data obtained for P samples, because they showed very interesting results. For smell, P presented a significant difference between fresh and FD samples, but not between FD and SD samples. That result was expected, because the drying treatments remove the water from egg, the remaining components are concentrated, including the aroma components, thus increasing the strength of its smell and flavor. This fact can influence the panelists' responses about these sensory factors, as observed. For flavor, the P samples showed significant differences between the three formulations; however the values obtained for that attribute were satisfying. The texture values were statistically different between P samples prepared with FD and SD-WE, but no difference was detected in relation to other samples.
The data presented in Table 4 , after analysis of variance with subsequent comparison by Tukey's test (P<0.05), showed that the confections prepared with FD egg products had good acceptance by panelists.
The color attribute showed no significant differences for every sample, which corroborates the fact that comfits prepared with freeze-dried egg products have been accepted just like their fresh and SD counterparts.
The data obtained in the sensory analyses were treated by principal component analysis (PCA) to better understand the
Statistical analysis
The statistical evaluation of the data was carried out with analysis of variance and Tukey's test (p<0.05) using the SAS (STATISTICAL...,1992) program. The data from the sensory analyses were also treated by principal component analysis (PCA) employing the MATLAB program (The MathWorks, Natick, USA).
Results and discussion

Proximate composition
The values for moisture, ash and protein content obtained from the FD egg samples are shown in Table 2 .
All the obtained results for moisture and ash content of freeze-dried egg samples were in agreement with the Brazilian standard (UNIVERSIDADE..., 2001). Moisture can influence some important properties of egg products but that fact was not observed in this work (RAO; LABUZA, 2012). The relative protein contents of the dried samples were EW>WE>EY, as expected EW showed the highest values (81.00 ± 1.18%) (MINE, 1995) because the composition of EW is basically protein and minerals, while EY (31.19 ± 2.44) showed representative quantities of lipids (32-35%) and others components (KOVACS-NOLAN; PHILLIPS; MINE, 2005).
Color analysis
Color is an important attribute of foods because it can increase or decrease its acceptability by panelists (GOLDBERG et al., 2012) . The color intensity of egg products directly correlates with the color intensity of confections made with them. The FD egg samples showed more intense color scores represent the distance along this line, and the loadings the direction (angle) of the straight line. Another important property of the PCs is often called orthogonality (BRERETON, 2000) . For three desserts, as in the case of this study, ideally three PCs are calculated to create a three-dimensional subspace of the original multidimensional space. The results of the PCA are illustrated in Figure 1 .
Three groups were obtained whose integrants have analogous characteristics: Group 1: EY-F, WE-F, WE-FD and WE-SD; Group 2: EW-F, EW-FD and EW-SD; Group 3: EY-FD and EY-SD. These results indicate that confections made with FD egg products have acceptance equal to those made with SD egg products. The confections prepared with group 1 integrants showed similar characteristics and were separated by the parameters color, smell and overall acceptability. However, the same foods had good acceptance when prepared with FD acceptability of FD products by panelists and compare them with other formulations.
PCA can be used to reduce the number of original variables to a few reduced variables or Principal Components (PCs) by keeping only the largest or most significant PCs. PCA decomposes an X matrix into two smaller matrices, one of scores (T) and the other of loadings (P) as follows (BRERETON, 2000) (Equation 1):
Each PC is characterized by a scores vector, a loadings vector and an eigenvalue. The sum of eigenvalues over all significant components should be approximately equal to the sum of squares of the original data. The first PC can be defined as the best-fit straight line in the multi-dimensional space. The and SD egg samples. In fact, the drying process affected those attributes but did not compromise its acceptability. Group 2 is composed of 3 formulations of M with 3 kinds of EW and was distinguished by the attributes flavor and texture. This indicates that the panelists did not detect any differences between formulations, especially in these attributes. In any case, the results showed that FD egg products can be used to prepare foods and substitute for fresh eggs with good acceptance and maintenance of the products' sensory characteristics.
Conclusions
PCA on the results obtained from sensory analyses, along with the physicochemical data, showed that Brazilian confections made with FD egg products can combine good acceptance and all the advantages of the freeze-drying method. The production of FD egg products on an industrial scale can provide consumers with foods with healthier and better nutritional values than those obtained using SD.
